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(57)Abstract: 

PROBLEM TO BE SOLVED: To realize a nitride 
semiconductor device, using a nitride semiconductor as 
its substrate by making an n-type nitride semiconductor 
layer with a specific film thickness to grow on a 
substrate, and by making nitride semiconductor layers 
containing acceptor impurities grow on the foregoing 
nitride semiconductor layer, and further, by removing 
thereafter the substrate therefrom. 

SOLUTION: A buffer layer 1 1 is made to grow in contact 
with a substrate 10 made of spinel (MgAI204). Then, an 
n-type nitride compound semiconductor layer 1 with a 
film thickness not smaller than 20//m is made to grow in 
contact with the buffer layer 1 1 . Further, an active layer 
2 is made to grow in contact with the semiconductor 
layer 1. Subsequently, nitride semiconductor layers 3, 4 
containing acceptor impurities are made to grow on the 
active layer 2. Then, a resultant wafer is taken out from 
a reaction container, to remove the substrate 10 
therefrom. In this case, the buffer layer 1 1 is also 
removed naturally therefrom. Further, an n-electrode 20 is provided on the surface of the 
semiconductor layer 1 corresponding to the bottom surface of the wafer, and an electrode 
comprising a translucent p-type electrode 21 and a pad electrode 22 is formed on the 
uppermost semiconductor layer 4. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The manufacture method of the nitride semiconductor device characterized by having 
the process into which the nitride semiconductor layer which contains acceptor impurity at least 
is grown up t and the process which removes a substrate after the nitride semiconductor layer 
growth containing acceptor impurity in the process which grows up n type nitride semiconductor 
layer into the substrate upper part by thickness 20 micrometers or more, and this n type nitride 
semiconductor layer upper part. 

[Claim 2] The manufacture method of a nitride semiconductor device according to claim 1 that 
the aforementioned substrate is characterized by the bird clapper from a spinel. 
[Claim 3] The manufacture method of the nitride semiconductor device according to claim 1 or 2 
characterized by including the process which carries out annealing in the atmosphere containing 
a nitrogen source after the nitride semiconductor layer growth containing the aforementioned 
acceptor impurity, and which carries out annealing in the atmosphere which does not include the 
source of hydrogen after that. 

[Claim 4] The manufacture method of the nitride semiconductor device characterized by having 
the process into which the nitride semiconductor layer containing acceptor impurity is grown up 
at least at the process which grows up n type nitride semiconductor layer into the spinel 
substrate upper part by thickness 20 micrometers or more, the process which removes a 
substrate after n type nitride semiconductor layer growth, and n type nitride semiconductor layer 
upper part after substrate removal. 

[Claim 5] The manufacture method of the nitride semiconductor according to claim 4 
characterized by making the front face of the n type nitride semiconductor layer into the shape 
of a mirror plane after the aforementioned n type nitride semiconductor layer growth. 
[Claim 6] The manufacture method of the nitride semiconductor device according to claim 4 or 5 
characterized by having the process which carries out annealing in the process which carries out 
annealing of the n type nitride semiconductor in the atmosphere containing a nitrogen source 
after the aforementioned substrate removal, and the atmosphere which does not include the 
source of hydrogen after the nitride semiconductor layer growth which contains acceptor 
impurity after that. 

[Claim 7] The aforementioned n type nitride semiconductor layer is the manufacture method of a 
nitride semiconductor given in the claim 1 characterized by making small carrier concentration of 
the side close to p type nitride semiconductor layer, and enlarging carrier concentration of the 
side which is separated from p type nitride semiconductor, or any 1 term of 7. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] this invention relates to the manufacture method of the nitride 
semiconductor (InXAIYGa1-X-YN, 0 <=X, 0<=Y, X+Y<=1) element used for light-receiving 
devices, such as luminescence devices, such as Light Emitting Diode (light emitting diode) and 
LD (laser diode), a solar battery, and a photosensor. 
[0002] 

[Description of the Prior Art] The nitride semiconductor is put in practical use now as the blue 
luminescence Light Emitting Diode and green luminescence Light Emitting Diode. Since the 
substrate which carried out grid adjustment does not exist, the nitride semiconductor is growing 
through AIN of the hundreds of A thickness directly formed on the silicon on sapphire from 
which a lattice constant differs no less than 13.5%, and the GaN buffer layer. Although the 
attempt which produces the bulk crystal of GaN which, on the other hand, serves as a substrate 
which carried out grid adjustment is performed in the foreign research period, now, the actual 
condition is that the bulk crystal of GaN can grow only in 1200 degrees C or more and the 
elevated-temperature high-pressure atmosphere of 10,000 or more atmospheric pressure, but 
only the small crystal about several mm phi is moreover obtained. 

[0003] Since the GaN substrate by the bulk single crystal is not expectable, the technology 
which uses a GaN thick film as a substrate is shown in JP,8-1 1 6090,A. According to this 
technology, GaN is formed by 50-200-micrometer thickness through a buffer layer on 
substrates, such as GaAs, and GaP, InP, Si, and the nitride semiconductor which removes a 
substrate by meanses, such as polish and chemical etching, after that, and newly contains n type 
layer and p type layer on the GaN layer which remained is grown up. 

[0004] Moreover, after repeat a buffer layer and a GaN single crystal layer, growing up JP.7- 
165498.A on a substrate, indicating the method of creating a GaN substrate in addition to this, 
growing up into JP,7-202265,A the buffer layer which becomes silicon on sapphire from ZnO and 
growing up GaN of a thick film on the buffer layer, the method of obtaining the GaN single crystal 
substrate of a thick film is shown by by carrying out dissolution removal of the ZnO. 
Furthermore, the luminescence device which carried out the laminating of the nitride 
semiconductor layer of a mutually different conductivity type on a GaN single crystal substrate 
to JP,7-94784,A is indicated. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, although much technology is proposed by the 
GaN substrate for growing up a nitride semiconductor, the nitride semiconductor which used this 
GaN as the substrate does not yet appear in it, but, actually, it is very difficult for it to it to 
manufacture the various device elements which have the thick film GaN dozens of micrometers 
or more in a substrate. 

[0006] Therefore, the place made into the purpose of this invention is in manufacturing the 
device element which consists of a nitride semiconductor to offer the manufacture method that 
the element which used the nitride semiconductor for the substrate is realizable. 
[0007] 
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[Means for Solving the Problem] The manufacture method of the nitride semiconductor device 
element of this invention consists of two kinds of modes, the 1st mode It is n type nitride 
semiconductor layer (it is hereafter called n type layer.) to the substrate upper part. It is 
characterized by having the process into which the nitride semiconductor layer which contains 
acceptor impurity at least is grown up, and the process which removes a substrate after the 
nitride semiconductor layer growth containing acceptor impurity in the process grown up by 
thickness 20 micrometers or more, and this n type layer upper part. It is desirable to use a spinel 
(MgAI 204) for a substrate especially in the 1 st mode of this invention, and to make the field 
(1 1 1) of a spinel substrate into the growth side of a nitride semiconductor also in it. 
[0008] In the 1st mode of this invention, it is characterized by including the process which 
carries out annealing (heat treatment) in the atmosphere containing nitrogen after the nitride 
semiconductor layer growth containing acceptor impurity and which carries out annealing in the 
atmosphere which does not include the source of hydrogen after that. By supplying the source 
of N, it is to carry out annealing in the atmosphere containing a nitrogen source in order to 
prevent disassembly of a nitride semiconductor and to prepare crystallinity. Therefore, it is 
desirable to carry out annealing in 300 degrees C - 1 200 degrees C atmosphere, using ammonia, 
a hydrazine, etc. as a source of N. It is 400 degrees C or more that crystallinity becomes good 
most. It is to carry out annealing in the atmosphere which does not include the source of H in 
order to make low resistance further the nitride semiconductor layer which removed H combined 
with acceptor impurity from under the crystal, and doped acceptor impurity with the 
aforementioned source annealing of N among the reaction. It is desirable to also perform this 
annealing above 400 degrees C. 

[0009] Moreover, the 2nd mode of this invention is characterized by growing up the nitride 
semiconductor layer containing acceptor impurity at least at the process which grows up n type 
layer into the spinel substrate upper part by thickness 20 micrometers or more, the process 
which removes a substrate after n type layer growth, and n type layer upper part after substrate 
removal. Moreover, also in the 2nd mode of this invention, it is desirable to make the field (111) 
of a spinel substrate into the growth side of a nitride semiconductor. 

[0010] In addition, in the claim of this application, necessarily not growing up n type layer into a 
substrate in contact with n type layer which carries out substrate up growth not necessarily, 
growing up buffer layers, such as GaN, AIN, and ZnO, in contact with a substrate, and growing up 
n type layer of 20 micrometers or more of thickness in contact with this buffer layer is also 
included. The nitride semiconductor of single composition is sufficient as n type layer of 
thickness 20 micrometers or more, and the layer which carried out the laminating of the thin film 
of n type layer from which composition differs is sufficient as it. Similarly necessarily not growing 
up the nitride semiconductor layer which not necessarily doped acceptor impurity as growing up 
the nitride semiconductor layer which doped acceptor impurity to be n type layer upper part in 
contact with n type layer, growing up a buffer layer, i type layer, or a barrier layer in contact with 
n type layer, and growing up the nitride semiconductor which doped acceptor impurity in contact 
with those buffer layers, i type layer, and the barrier layer is also included. 
[001 1] Furthermore, in the 2nd mode of this invention, it is characterized by making the front 
face of the n type layer into the shape of a mirror plane after n type layer growth. 
[0012] Moreover, in the 2nd mode of this invention, annealing of the n type nitride semiconductor 
is carried out in the atmosphere containing a nitrogen source after the aforementioned substrate 
removal, and it is characterized by carrying out annealing in the atmosphere which does not 
include the source of hydrogen after the nitride semiconductor layer growth which contains 
acceptor impurity after that. After substrate removal, annealing is carried out for preventing 
disassembly of a nitride semiconductor and preparing a crystalline good substrate in the 
atmosphere containing a nitrogen source, and it is desirable similarly by supplying the source of 
N to carry out annealing in 300 degrees C - 1200 degrees C atmosphere using ammonia, a 
hydrazine, etc. as well as the 1st mode. The temperature to which crystallinity becomes good 
most is 400 degrees C or more. Annealing is carried out in the atmosphere which does not 
include the source of H for making low resistance further the nitride semiconductor layer which 
removed H combined with acceptor impurity in the reaction as well as the 1st mode from under 
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the crystal, and doped acceptor impurity, and it is desirable to carry out above 400 degrees C. 
Moreover, in the 1st mode of this invention, and the 2nd mode, it is characterized by for n type 
layer making small carrier concentration of the side close to p type layer, and enlarging carrier 
concentration of the side which is separated from p type nitride semiconductor. 
[0013] 

[Embodiments of the Invention] Drawing 1 (a) - (e) is the type section view showing the partial 
structure of the wafer obtained in each process of the 1st mode of this invention. The 1st mode 
of this invention is explained based on these drawings. 

[0014] Especially the growth method of a nitride semiconductor is not limited and can apply all 
the methods proposed in order to grow up [ for example, ] a nitride semiconductor 
conventionally [, such as MOVPE (organic-metal vapor growth), HDVPE (halide vapor growth), 
and MBE (molecular-beam vapor growth), ]. 

[0015] In dra w ing 1 (a), 10 is a substrate. A nitride semiconductor is first grown up on this 
substrate 10. Although substrates, such as sapphire, a spinel, SiC, GaAs, and Si, ZnO, can be 
used for a substrate 10 in the 1st mode, a spinel is used preferably. A spinel can grow up the 
nitride semiconductor of single composition by the thick film 20 micrometers or more as 
compared with other materials. And if the field (1 1 1) of a spinel is made into the growth side of a 
nitride semiconductor, a crystalline good nitride semiconductor can grow by the thick film. In 
addition, crystalline right and wrong can be judged by measuring the half-value width of 2 
crystallization X-ray rocking curve, and if the crystal for 100 or less seconds is most preferably 
obtained for the half-value width 150 or less seconds still more preferably 200 or less seconds, 
it can be judged that the nitride semiconducting crystal has few cracks, and the uniform field is 
acquired. There are few lattice constant differences with a nitride semiconductor (9%), and a 
spinel has few coefficient-of-thermal-expansion differences, and since the crystal is soft, even if 
it grows up the nitride semiconductor of a thick film as compared with the substrate into which 
the nitride semiconductor of further others is grown up, it has the feature that a crack cannot 
enter easily. For example, when GaN is grown up to be substrates, such as sapphire and SiC, by 
thickness 1 0 micrometers or more, there is an inclination for a crack to tend to enter. 
[0016] Next, a buffer layer 1 1 is grown up in contact with this substrate 10. A buffer layer 1 1 
grows up nitride semiconductors, such as AIN, AIGaN, GaN, and InGaN, at 200 degrees C - 900 
degrees C low temperature. A buffer layer 1 1 has the operation which eases the grid 
mismatching of a substrate 10 and the nitride semiconductor grown up into the degree of a 
buffer layer. In addition, since a nitride semiconductor has the property which shows n type in 
the state of a non dope (an impurity is not doped) by the own lattice defect of a semiconductor, 
a buffer layer 1 1 usually shows n type conductivity. 

[0017] As furthermore shown in (b), a buffer layer 1 1 is touched and n type layer 1 is grown up 
by thickness 20 micrometers or more, n type layer 1 is grown up at an elevated temperature 
rather than a buffer layer. It is desirable for the composition to set n type layer 1 to GaN, when 
20 micrometers or more grow by single composition. It is easy to grow up GaN rather than the 
nitride semiconductor containing In or aluminum, and a crystalline good thing is obtained most. 
Moreover, n type layer 1 can carry out the laminating of two or more n type layers, and can also 
set them to 20 micrometers or more. For example, the laminating of the n type layer of a thin 
film can also be carried out to condition of growing up 5 micrometers of GaN(s) on a buffer layer 
11, InGaN growing up further 0.1 micrometers of 5 micrometers of GaN(s), repeating it on it, and 
making it thickness 20 micrometers or more. Thus, if a substrate 10 is a spinel when growing up 
the nitride semiconductor of a thin film, n type layer into which a crack cannot go easily can be 
grown up. In addition, it is desirable for a nitride semiconductor to dope donor impurities, such as 
Si, germanium, and Sn, preferably, although a non dope also becomes n type as mentioned above, 
and to grow up n type layer which adjusted carrier concentration. In addition, 20 micrometers or 
more of 50 micrometers or more of thickness of n type layer 1 are most preferably grown up by 
thickness 100 micrometers or more still more preferably. It is because a wafer will become easy 
to break and it will be hard coming to produce the chip of an exact configuration, when a 
substrate is removed later, if fewer than 20 micrometers. Although especially the upper limit of 
thickness is not specified, it is usually adjusted to 1mm or less. 
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[0018] When doping a donor impurity and acljusting carrier concentration, as for the carrier 
concentration of n type layer 1 , it is desirable to enlarge carrier concentration of the side close 
to the buffer layer 1 1, and to make small carrier concentration of the side close to the barrier 
layer 2 grown up into a degree on the other hand. Thus, if carrier concentration of the side close 
to p type layer is made small and near carrier concentration of the receding one is enlarged, a 
substrate 10 will be deleted behind, the carrier injection efficiency at the time of forming n 
electrode in n type layer 1 side will improve, and a radiant power output will improve. 
[0019] Next, as shown in (c), a barrier layer 2 is grown up in contact with n type layer 1. n type, i 
type, or p type is sufficient as the conductivity type of the barrier layer 2 formed in contact with 
n type layer. A barrier layer 2 has the desirable well layer which constitutes so that the well 
layer which consists of a nitride semiconductor containing In may be included, and consists of 
InGaN of mixed crystal preferably. Since the object with sufficient crystallinity of 4 yuan of 3 
yuan is obtained compared with the thing of mixed crystal, the radiant power output of InGaN of 
mixed crystal improves. When producing a Light Emitting Diode element, a barrier layer is taken 
as the single quantum well structure (SQW:Single-quantum-well) which consists of a single well 
layer. Moreover, in producing LD element, it considers as the multiplex quantum well structure 
(MQW:Multi-quantum-well) which carried out the laminating of the well layer which consists a 
barrier layer of InGaN, and the barrier layer which consists of a nitride semiconductor with larger 
band GYABBU than a well layer, a barrier layer — the same — InX'Ga1-X'N (0 <=X'<1, X' <X) of 
3 yuan mixed crystal — desirable — well + obstruction + well + ... a laminating is carried out and 
MQW is constituted so that it may become a 10 obstruction + well (the reverse — even when — 
good) Thus, if a barrier layer is set to MQW which carried out the laminating of the InGaN, high 
power LD for about 365nm - 660nm is realizable by luminescence between quantum level. 
Furthermore, when the laminating of the barrier layer which consists of InGaN on a well layer is 
carried out, the barrier layer which consists of InGaN has a soft crystal compared with AIGaN. 
Xh ere f or e f since thickness of AIGaN of a clad layer can be thickened, laser oscillation is 
realizable. Furthermore, InGaN differs in crystal-growth temperature from AIGaN. For example, in 
the MOVPE method, AIGaN grows up InGaN at temperature higher than 900 degrees C to making 
it grow up at 600 degrees C - 800 degrees C. Therefore, if it is going to grow up the barrier layer 
which consists of AIGaN after growing up the well layer which consists of InGaN, it is necessary 
to raise growth temperature. If growth temperature is raised, since the InGaN well layer grown up 
previously will decompose, it is difficult to obtain a crystalline good well layer. Furthermore, if 
there is no thickness of a well layer and the dozens of A well layer of a thin film decomposes it, 
it will become difficult to produce MQW. If a barrier layer is also set to InGaN to it, a well layer 
and a barrier layer can grow at the same temperature. Therefore, since the well layer formed 
previously does not decompose, crystalline good MQW can be formed. Although this shows the 
most desirable mode of MQW, what composition is sufficient, as long as it makes InGaN for a well 
layer and makes bandgap energy of a barrier layer others for a barrier layer like GaN and AIGaN 
more greatly than a well layer. In which can do the barrier layer of InGaN multiplex quantum well 
structure or single quantum well structure with the composition ununiformity of an InGaN well 
layer — an exciton carries out localization to a rich energy potential well layer, and the 
localization exciton is formed A radiant power output improves by this localization exciton 
luminescence. That is, when such single thickness carries out the laminating of the thin film 
which is dozens of A, a well layer and a barrier layer do not grow by uniform thickness, but the 
irregular layer is in the state where it overlapped several times over. If double hetero structure 
which sandwiches an irregular barrier layer in a clad layer with a larger band gap than a barrier 
layer is realized, the electron and hole which were poured into the barrier layer will come to be 
confined also in a crevice, and will be confined in both directions in every direction with 
lengthwise [ of a clad layer ]. For this reason, it comes to be shut up by the quantum box with 
which a carrier consists of InGaN which is three dimensions with an about 10-70A irregularity 
difference, or the quantum disk, and the quantum effect different from the conventional quantum 
well structure appears. 

[0020] Next, as shown in drawing 1 (c), the nitride semiconductor layers 3 and 4 (the nitride 
semiconductor layer containing acceptor impurity is hereafter called p type layer.) containing 
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acceptor impurity are grown up on a barrier layer 2. Since the easiest Light Emitting Diode 
structure is shown, although p type layer consists of a p type clad layer 3 and a p type contact 
layer 4 in this drawing, p type layer which has composition different if needed can anywhere 
newly be inserted besides these p type layers, if it is on a barrier layer, in addition, the thing for 
which these p type layers perform annealing after growth — further — low — p type layer 
[ **** ] is realizable 

[0021] n type layer 1 is grown up by thickness 20 micrometers or more on a substrate 10 as 
mentioned above, and p type layers 3 and 4 are grown up at least on the n type layer 1 . In 
addition, even if it may grow up a buffer layer 1 1 between n type layer 1 and a substrate 1 0 and 
grows up a barrier layer 2 between n type layer 1 and p type layer 3, n type layer (for example, n 
type clad layer) which is within the limits of this invention, and consists of other composition 
between n type layer 1 and a barrier layer 2 can also be grown up. 

[0022] Next, after growing up the element structure which consists of a nitride semiconductor, a 
wafer is picked out from a reaction container, and a substrate 10 is removed as shown in drawing 

1 (d). There are meanses, such as polish and etching, in removing a substrate 10. If it is polish, 
polishing will be performed after wrapping using SiC powder and diamond powder. If it is chemical 
etching, it is removable by dissolving a substrate side with the mixed acid of a sulfuric-acid + 
phosphoric acid, and a sulfuric-acid + hydrogen peroxide. In addition, the buffer layer 1 1 is 
removed in dra wing 1 , and a buffer layer 11 is very a film, and with technology, such as etching 
and polish, since a substrate is not necessarily removed by flat-surface homogeneity in the 
precision of dozens of A, nature and a buffer layer 1 1 are also removed. Thus, the front face of n 
type layer 1 which consists of a nitride semiconductor, and the front face of p type layer 4 can 
produce the wafer exposed up and down. 

[0023] Drawing 1 (e) shows the nitride semiconductor chip structure started in the shape of a 
chip from the wafer of (d). The n electrode 20 is formed in the front face of n type layer 1 
equivalent to a base, and the electrode which consists of the p electrode 21 and the pad 
electrode 22 of a translucency is formed in p type contact layer 4 of the best layer. The p 
electrode 21 is a metal electrode of a translucency, for example, it has obtained p type contact 
layer 4 and desirable ohmic contact while being formed by thickness 0.1 micrometers or less, the 
hydrogen which the p electrode 21 of a translucency can observe luminescence of a barrier layer 

2 from p type layer side, and is contained in p type layer since thickness is thin — the time of 
annealing — penetrating — low — it has contributed to realization of p type layer [ **** ] Since 
the translucency electrode 21 will become easy to separate if direct wire bonding of the pad 
electrode 22 is carried out to the p electrode 21 of a translucency, while preventing peeling of 
the p electrode 21, the wire-bonding position is clarified again. Moreover, if a pad electrode is in 
p electrode 21 center section, bonding positioning at the time of wire bonding will become easy, 
and the element yield will improve. 

[0024] A different place from the technology in which the 1st mode of this invention 
manufactures the substrate of the conventional GaN is located in the place which forms to a 
barrier layer and p type layer, produces the structure of the element itself after growing up n 
type layer, and removes a substrate after that. Thus, the mass-production nature of an element 
becomes good by making to element structure, without taking out the nitride semiconductor 
grown up at once from a reaction container. Moreover, in order not to take out a substrate from 
a reaction container until element structure is done, oxidization of the substrate of the nitride 
semiconductor growth side by touching air and deterioration can be prevented. 
[0025] Drawing 2 (f) - 0) is the type section view showing the partial structure of the wafer 
obtained in each process of the 2nd mode of this invention. The 2nd mode of this invention is 
explained based on these drawings. 

[0026] The substrate 1 0 shown in drawing 2 (f) consists of a spinel. In the 2nd mode, a substrate 
needs to be a spinel. Because, unlike the 1st mode, since the 2nd mode grows up n type layer on 
a substrate 10, it removes a substrate. Therefore, in case the direction into which n type layer of 
single composition is grown up by the thick film moves n type layer in a reaction container again 
and performs a crystal growth at the elevated temperature of 1000 degrees C or more, it is 
desirable in order to prevent physical deformation like the curvature of the crystal damage on 
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the crack of n type layer, a chip, etc., and n type layer. In order to grow up n type layer of single 
composition by the thick film, what a spinel substrate is the easiest to grow up is as the 1st 
mode having described. 

[0027] A buffer layer 11 is grown up in contact with this spinel substrate 10. Especially the 
buffer layer 1 1 does not replace the 1 st mode. 

[0028] Next, in contact with this buffer layer 1 1, n type layer 1 is grown up by thickness 20 
micrometers or more. As for this n type layer 1 , in the 2nd mode, it is desirable single nitride 
semiconductor composition and to make it grow up by thickness 20 micrometers or more by GaN 
preferably. Furthermore, it is preferably desirable [ the thickness of n type layer ] in the 2nd 
mode to make it grow up by thickness 1 20 micrometers or more most preferably 1 00 
micrometers or more still more preferably 50 micrometers or more. This removes a substrate 10 
after n type layer 1 growth, produces independent n type layer used as a new substrate, and 
performs a crystal growth at an elevated temperature on this n type layer further. Since it will be 
divided during growth or will curve if n type layer used as a substrate is thin, there is a possibility 
that the laminating of the nitride semiconductor layer of uniform thickness cannot be carried out. 
Therefore, as for n type layer 1 , in the 2nd mode, it is desirable to make it grow up more thickly 
than the 1 st mode. 

[0029] Moreover, the 2nd mode as well as the 1st mode dopes donor impurities, such as Si, 
germanium, and Sn, in n type layer 1 . When it is desirable to grow up n type layer which adjusted 
carrier concentration, it dopes a donor impurity and carrier concentration is adjusted, As for the 
carrier concentration of n type layer 1, it is desirable to enlarge carrier concentration of the side 
close to the buffer layer 1 1 , and to make small carrier concentration of the side which is 
separated from a buffer layer 11. 

[0030] Next, a wafer is picked out from a reaction container after n type layer 1 growth, and 
meanses, such as polish and etching, remove a substrate 10, as shown in drawing 2 (h). By 
removing a substrate, the wafer which consists of an n type layer 1 which the 1st principal plane 
and 2nd principal plane exposed is producible. Moreover, drawing 2 (h) of this cause is the same 
as that of the 1st mode, although the buffer layer 1 1 is removed similarly. 

[0031] Furthermore, in the 2nd mode, it is desirable after substrate 10 removal to make into the 
shape of a mirror plane the front face of n type layer 1 into which it is going to grow up the 
nitride semiconductor layer which has other conductivity types. Although there are polish 
besides chemical etching and a physical etching means like dry etching in order to consider as 
the shape of a mirror plane, like a sulfuric-acid + phosphoric acid, and since danger is also high, 
polish is the most desirable [ a solvent ]. [ the solvent which can etch a nitride semiconductor ] 
Thus, by making one field of the n type layers 1 into the shape of a mirror plane, the nitride 
semiconductor to which the field direction was equal can be grown up. 

[0032] Next, as shown in d rawi ng 2 (i), the laminating of a barrier layer 2, p type clad layer 3, and 
the p type contact layer 4 is carried out to order on the front face of n type layer 1. The same 
thing as the barrier layer stated in the 1st mode of a barrier layer 2 is the most desirable. 
Moreover, you may grow up other layers which consist of an n type nitride semiconductor which 
has different composition from n type layer 1 between a barrier layer 2 and n type layer 1. It is 
the same as the 1 st mode also about p type clad layer 3 and p type contact layer 4, and if 
needed, as long as it is on a barrier layer, you may insert in a layer of what p type layer which 
has different composition. 

[0033] Although the nitride semiconductor chip structure started in the shape of a chip from the 
wafer of (i) is not shown and especially the operation effect of the translucency electrode 21 and 
the pad electrode 22 does not differ from the 1st mode, the point that this chip differs from the 
chip of drawing 1 (e) has drawing 2 (h) in the place which is **********ing n type layer 1 under 
a barrier layer 2. That is, between the etching slot which was made to expose n type layer which 
**********s p type layer and is under a barrier layer 2, and was exposed, and the etching slot, a 
wafer is cut and it is made the letter of a chip. This operation is as follows. According to this 
invention, since a substrate serves as a nitride semiconductor, the cleavage of the nitride 
semiconductor can be carried out. However, the nitride semiconductor is difficult for making all 
into the rectangular letter of a chip by the cleavage because of the crystal form called hexagonal 
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system. Therefore, one of fields cannot but take cutting means, such as dicing. Since a nitride 
semiconductor has the very hard property of a crystal, if a dicing end face is missing when dicing 
is carried out, and it becomes easy to generate a crack etc. and such a crystal defect occurs 
especially in the end face of a barrier layer, the reliability of the element itself will fall. Therefore, 
since the edge of a blade at the time of dicing can be prevented from touching a barrier-layer 
end face by **********ing to n type layer below a barrier layer, the reliability of an element 
improves. This configuration of (j) is applicable similarly in the 1st mode. 
[0034] 

[Example] Although how to grow up a nitride semiconductor by the MOCVD method is described 
hereafter, the method of this invention is applicable to all the methods by which the conventional 
proposal is made in order to grow up nitride semiconductors, such as not only MOCVD but MBE, 
HDVPE, etc. Moreover, about element structure, only the typical Light Emitting Diode element 
and LD element are described, and structure is not limited to this example, either. 
[0035] [Example 1] (the 1st mode) 

It carries out based on drawing 1 , and the 1st mode of this invention is explained. (111) Passing 
hydrogen, after setting the spinel substrate 10 (MgAI 204) which makes a field a growth side in a 
reaction container and replacing the inside of a reaction container enough from hydrogen, raise 
the temperature of a substrate to 1050 degrees C, and clean a substrate. 
[0036] Then, temperature is lowered to 510 degrees C, hydrogen is used for carrier gas, 
ammonia and TMG (trimethylgallium) are used for material gas, and the buffer layer 1 1 which 
consists of GaN on a spinel substrate is grown up by about 200A thickness. AIN, GaN, AIGaN, 
etc. are 900 degrees C or less in temperature, and can form a buffer layer by the 10A - 
hundreds of A thickness number. It is also possible to omit depending on the growth method of a 
nitride semiconductor, although it is formed in order that this buffer layer may ease the lattice 
constant injustice of a substrate and a nitride semiconductor. 

[0037] Only TMG is stopped after buffer-layer 11 growth, and temperature is raised to 1030 
degrees C. If it becomes 1030 degrees C, similarly, TMG and ammonia gas will be used for 
material gas, silane gas will be used for dopant gas, and as shown in dravying 1 (fc>), an Si dope n 
type GaN layer will be grown up by 1 00-micrometer thickness as an n type contact layer 1. n 
type contact layer 1 makes the following 50 micrometers n- of low carrier concentration for 50 
micrometers of the beginning as n+ of high carrier concentration. By being able to constitute n 
type contact layer from InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1), and constituting from GaN, 
InGaN, and GaN that doped Si also in it especially, n type layer with high carrier concentration is 
obtained, and a negative electrode and desirable ohmic contact are obtained. OMIKKU with a 
metal or alloys desirable as a material of a negative electrode, such as aluminum, Ti, W, Cu, Zn, 
Sn, and In, is obtained. 

[0038] Next, TMG, TMI, and ammonia are used for material gas, temperature is held at 800 
degrees C, and the barrier layer 2 which consists of single quantum well structure (SQW) which 
consists of non dope In0.2Ga0.8N is grown up by 30A thickness. If it is the single quantum well 
structure or multiplex quantum well structure containing the well layer which consists a barrier 
layer 2 of InGaN, the high power light emitting device for about 365nm - 660nm is realizable by 
luminescence between quantum level. It is desirable to adjust a well layer to 70A or less, and to 
adjust a barrier layer to the thickness of 1 50A or less with multiplex quantum well structure. It is 
desirable to adjust to thickness 70A or less with single quantum well structure on the other 
hand. 

[0039] Next, temperature is raised at 1050 degrees C and p type clad layer 3 which consists of 
Mg dope p type aluminum0.2Ga0.8N is grown up by 0.5-micrometer thickness. As for the p type 
clad layer grown up in contact with a barrier layer, it is desirable the nitride semiconductor 
containing aluminum and to grow up AIGaN preferably. Although a p type crystal is obtained by 
being able to mention II group elements, such as Mg, Zn, and Cd, as acceptor impurity for making 
it p type, and doping such acceptor impurity during nitride semiconductor growth, annealing of 
the crystal which doped the acceptor impurity after growth preferably is carried out, and still 
more desirable p type is obtained by removing the hydrogen combined with acceptor impurity out 
of a crystal. 
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[0040] Next, p type contact layer 4 which consists of Mg dope p type GaN at 1050 degrees C is 
grown up by 0.5-micrometer thickness. The cross section after growth is drawing 1 (c). p type 
contact layer 4 can be constituted from p type InXAIYGa1-X-YN (0 <=X, 0<=Y, X+Y<=1), 
especially if InGaN, GaN, and p type GaN that doped Mg also in it, p type layer with the highest 
carrier concentration will be obtained, and a positive electrode and good ohmic contact will be 
obtained. OMIKKU is easy to obtain a metal or alloys with a comparatively high work function, 
such as nickel, Pd, Ir, Rh, Pt, Ag, and Au, as a material of a positive electrode. 
[0041] A wafer is picked out from a reaction container after a reaction end, the spinel substrate 
10 of the side into which the nitride semiconductor is not grown up using a grinder is wrapped, 
and as shown in drawin g 1 (d), the spinel substrate 10 and a buffer layer 1 1 are removed. After 
buffer-layer removal, n type contact layer 1 by the side of a buffer layer is polished further, and 
it considers as the shape of a mirror plane. 

[0042] Next, the wrapped wafer is transported to annealing equipment, and 1000-degree C 
annealing is performed in ammonia atmosphere. This annealing has the operation which prepares 
the crystallinity of the whole crystal by carrying out below 300 degrees C or more and 1200 
deg rees c, and carrying out in atmosphere including sources of N, such as ammonia and 
nitrogen. 

[0043] After annealing and in annealing equipment, it is among the atmosphere which does not 
contain H (nitrogen-gas-atmosphere mind), annealing is shortly, performed at 700 degrees C, and 
p type layer is further formed into low resistance. By carrying out in the atmosphere which does 
not usually contain H above 400 degrees C, this annealing removes the hydrogen combined with 
acceptor impurity out of a crystal, and has the operation which forms p type layer into low 
resistance further. 

[0044] After annealing, mostly, the n electrode 20 of the front face of n type contact layer 1 
which polished which contains Ti and aluminum on the whole surface is formed by 2-micrometer 
thickness, and, on the other hand, the p electrode 21 of the translucency of p type contact layer 
4 which contains nickel and Au on the whole surface is formed by 100A thickness. In order to 
obtain desirable ohmic contact on the front face of p type contact layer 4, as for electrode 
thickness, it is desirable to make it 1 000A or less and to make it a translucency. That is because 
hydrogen secedes from p type layer through a translucency electrode and low-resists p type 
layer further at the time of electrode annealing. Next, focusing on the simultaneously of the p 
electrode 20, the pad electrode 22 of 2 micrometers of thickness is formed. 
[0045] The cleavage of the nitride semiconductor wafer is carried out after the above process 
end using the cleavage nature of n type contact layer 1, and it considers as the Light Emitting 
Diode element of 250-micrometer angle. This Light Emitting Diode element has n electrode and p 
electrode which counter up and down, and is a forward current. (If) In 20mA, forward voltage (Vf) 
3.5V, 5mW of radiant power outputs, and the outstanding property were shown. 
[0046] In the [example 2] example 1, the buffer layer which a sapphire (0001) side is used for a 
substrate, and also consists of GaN on silicon on sapphire like an example 1 is formed by 200A 
thickness. 

[0047] Next, 5 micrometers of Si dope n type GaN layers are grown up on this buffer layer. Next, 
temperature is made into 800 degrees C and 500A Si dope n mold In0.1Ga0.9N layer is grown up 
on an Si dope n type GaN layer. Next, similarly 5 micrometers of Si dope n type GaN(s) are 
grown up, and 500A of Si dope n type In0.1Ga0.9Ns is grown up further. This operation is 
repeated 16 times and n type contact layer of the 60.6 micrometers of the total thickness is 
grown up. It is a forward current when the Light Emitting Diode element was produced like the 
example 1 after this. (If) In 20mA, they were forward voltage (Vf)4V and 2mW of radiant power 
outputs. 

[0048] [Example 3] (the 2nd mode) 

It carries out based on drawing 2 , and the 2nd mode of this invention is explained. The spinel 
substrate 10 (MgAI 204) which makes a field (1 1 1) a growth side is cleaned like an example 1, 
the buffer layer 1 1 which consists of GaN on the spinel substrate 10 is grown up by 200A 
thickness, and an Si dope n type GaN layer is grown up by 1 00-micrometer thickness as an n 
type contact layer 1 equipped with n+ and n-layer on this buffer layer. Drawing 2 (g) 
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[0049] A wafer is picked out from a reaction container after growth, and the spinel substrate 10 
of the side into which the nitride semiconductor is not grown up using a grinder is wrapped, and 
as shown in drawing 2 (h), the spinel substrate 1 0 and a buffer layer 1 1 are removed, and it 
considers as n type contact layer 1 wafer. Furthermore, n type contact layer side by the side of 
low carrier concentration (n-) is polished, and it considers as the shape of a mirror plane. 
[0050] n type contact layer substrate is transported to a reaction container after polishing, and 
1000-degree C annealing is performed in ammonia atmosphere. In addition, n type contact layer 
side by the side of the low carrier concentration made into the shape of a mirror plane is made 
into the growth side of a nitride semiconductor. 

[0051] Next, the barrier layer 2 of SQW structure is grown up into the front face of n type 
contact layer 1 which polished like the example 1 by 30A thickness, p type clad layer 3 which 
consists of Mg dope p type aluminum0.2Ga0.8N on the barrier layer is grown up by 0.5- 
micrometer thickness, and p type contact layer 4 which consists of Mg dope p type GaN is 
grown up by 0.5-micrometer thickness. The cross section after growth is drawing 2 (i). Moreover, 
before growing up a barrier layer 2, the buffer layer which becomes the front face of n type 
contact layer 1 from GaN, InGaN, and AIGaN can also be grown up. 
[0052] Annealing is performed at 700 degrees C among the atmosphere, for example, 
atmosphere, such as nitrogen and Ar, which does not contain H after a reaction end and in a 
reaction container, and p type layer is further formed into low resistance. 

[0053] A wafer is picked out from a reaction container after annealing, RIE (reactive ion etching) 
etching is performed in a grid pattern by width of face of 10 micrometers from p type contact 
layer 4 side, and as shown in drawing 2 (h), the flat surface of n type contact layer is exposed. 
[0054] Next, like an example 1 , the n electrode 20 of the front face of n type contact layer 1 into 
which the nitride semiconductor is not grown up which contains Ti and aluminum on the whole 
surface is formed by 2-micrometer thickness, the p electrode 21 of the translucency of p type 
contact layer 4 which contains nickel and Au on the whole surface is formed by 100A thickness, 
and, on the other hand, the pad electrode 22 of 2 micrometers of thickness is mostly formed in 
the center of a simultaneously of the p electrode 20. 

[0055] A nitride semiconductor wafer is cut after the above process end using a dicer between 
an etching slot and an etching slot, and it considers as the light emitting device of 350- 
micrometer angle. This light emitting device also has n electrode and p electrode which counter 
up and down, and showed Vf3.5V, 5mW of radiant power outputs, and the outstanding property in 
If20mA. 

[0056] [Example 4] drawi ng 3 is the typical cross section showing the structure of the laser 
element obtained by the method of this invention, and shows drawing at the time of specifically 
cutting an element in a direction perpendicular to the resonance direction of a laser beam. 
Hereafter, how to manufacture LD by the method of this invention based on drawing 3 is 
described. 

[0057] In an example 3, the spinel substrate 10 and a buffer layer 1 1 are removed, after installing 
n type contact layer 1 wafer which consists of an Si dope GaN of 100 micrometers of thickness 
which polished the growth side in a reaction container, temperature is made into 800 degrees C, 
silane gas is used for TMG, TMI (trimethylindium), ammonia, and impurity gas at material gas, and 
the crack prevention layer 101 which consists of Si dope InO.1GaO.9N is grown up by 500A 
thickness. The n type nitride semiconductor containing In, and by making it grow up by InGaN 
preferably, it becomes possible to grow up 1st n type nitride semiconductor layer 102 containing 
aluminum grown up into a degree of this crack prevention layer 101 by the thick film, and it is 
very desirable. In the case of LD, it is necessary to grow up an optical confinement layer and the 
becoming layer by thickness 0.1 micrometers or more preferably. Although element production 
was difficult in the former since the crack went into AIGaN grown up later when AIGaN of a thick 
film was directly grown up on GaN and the AIGaN layer, it can prevent that a crack goes into 1st 
n type nitride semiconductor layer 102 in which this crack prevention layer 101 contains 
aluminum grown up into a degree. In addition, as for this crack prevention layer, it is desirable to 
make it grow up by thickness (100A or more and 0.5 micrometers or less). If thinner than 100A, it 
will be hard to act as crack prevention as mentioned above, and when thicker than 0.5 
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micrometers, it is in the inclination for the crystal itself to be discolored in black. In addition, this 
crack prevention layer 101 is also omissible depending on the conditions of the growth method, 
growth equipment, etc. 

[0058] Next, temperature is made into 1030 degrees C, TMA (trimethylaluminum), TMG, NH3, and 
SiH4 are used for material gas, and 1st n type nitride semiconductor layer 102 which consists of 
Si dope n type aluminumO.2GaO.8N is grown up by 0.5-micrometer thickness. As for this 1st n 
type nitride semiconductor layer 102, it is desirable the nitride semiconductor which acts as a 
carrier confining layer and an optical confinement layer, and contains aluminum as mentioned 
above, and to grow up AIGaN preferably, and it can form a crystalline good carrier confining layer 
by growing up still more preferably 100A or more 2 micrometers or less by 500A or more and 1 
micrometer or less. 

[0059] Temperature is lowered to 800 degrees C and 2nd n type nitride semiconductor layer 103 
which consists of Si dope n type GaN is grown up by 0.2-micrometer thickness. As for this 2nd n 
type nitride semiconductor layer, it is desirable to act as a light-guide layer and to grow up GaN 
and InGaN, and it is usually desirable to make it grow up by 200A - 1 micrometer thickness still 
more preferably 1 00A - 5 micrometers. 

[0060] Next, the barrier layer into which TMG, TMI, and ammonia are used for material gas, and a 
barrier layer 2 is grown up holds temperature at 800 degrees C, and grows up the well layer 
which consists of non dope In0.2Ga0.8N first by 25A thickness. Next, the barrier layer which 
consists of non dope InO.01GaO.95N at the same temperature only by changing the mole ratio of 
TMI is grown up by 50A thickness. This operation is repeated twice and the barrier layer 2 of the 
multiplex quantum well structure which carried out the laminating of the well layer to the last is 
grown up. 

[0061] Next, temperature is raised to 1050 degrees C and 1st p type nitride semiconductor layer 
104 which bandgap energy becomes from a barrier layer from large Mg dope p type 
aluminumO.1GaO.9N is grown up by 300A thickness using TMG, TMA, NH3, and Cp2Mg 
(magnesium cyclopentadienyl). Although this 1st p type nitride semiconductor layer 104 is good 
also as an i type with which n type impurity was doped and the carrier was compensated since 
thickness was thin although considered as p type in this example, let it be p type most 
preferably. 0.1 micrometers or less of 500A or less of thickness of 1st p type nitride 
semiconductor layer 104 are most preferably adjusted to 300A or less still more preferably. When 
it is made to grow up by thickness thicker than 0.1 micrometers, it is the shell a crack becomes 
easy to enter into the 1 st nitride semiconductor layer, and a crystalline good nitride 
semiconductor layer cannot grow up to be easily. It becomes impossible moreover, for a carrier 
to pass this energy barrier by the tunnel effect. Moreover, if AIGaN with the larger composition 
ratio of aluminum forms thinly, it will become easy to oscillate LD element. For example, if Y 
values are 0.2 or more AIYGal-YN(s), adjusting to 500A or less is desirable. Although especially 
the minimum of the thickness of the 1st nitride semiconductor layer 104 does not limit, it is 
desirable to form by thickness 1 0A or more. 

[0062] Then, 2nd p type nitride semiconductor layer 105 which bandgap energy becomes from 
Mg dope p type GaN smaller than 1st p type nitride semiconductor layer 104 at 1050 degrees C 
is grown up by 0.2-micrometer thickness. As for this layer, it is desirable to act as a light-guide 
layer and to make it grow up by GaN and InGaN as well as 2nd n type nitride semiconductor 103. 
Moreover, this layer acts as a desirable light-guide layer by acting also as a buffer layer at the 
time of growing up 3rd p type nitride semiconductor layer 106, and growing up 100A - 5 
micrometers by 200A - 1 micrometer thickness still more preferably. 

[0063] Then, 3rd p type nitride semiconductor layer 106 which bandgap energy becomes from 
larger Mg dope p type aluminum0.2Ga0.8N than the 2nd nitride semiconductor layer 105 at 1050 
degrees C is grown up by 0.5-micrometer thickness. As well as 1 st n type nitride semiconductor 
layer 1 02, as for this layer, it is desirable the nitride semiconductor which acts as a carrier 
confining layer and an optical confinement layer, and contains aluminum, and to grow up AIGaN 
preferably, and it can form a crystalline good carrier confining layer by growing up still more 
preferably 100A or more 2 micrometers or less by 500A or more and 1 micrometer or less. 
[0064] In the case of the barrier layer which has the well layer which consists of InGaN like this 
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example, the barrier layer is touched. 1st p type nitride semiconductor layer 104 containing 
aluminum of 0.1 micrometers or less of thickness is formed. 2nd p type nitride semiconductor 
layer 1 05 with BADDO gap energy smaller than 1 st p type nitride semiconductor layer is formed 
in the position which is distant from a barrier layer from the p type nitride semiconductor layer. 
It is very more desirable than the 2nd p type nitride semiconductor layer 105 to form 3rd p type 
nitride semiconductor layer 106 which consists of a nitride semiconductor containing aluminum 
with a larger band gap than 2nd p type nitride semiconductor layer in the position distant from 
the barrier layer. And since the thickness of this 1 st p type nitride semiconductor layer 1 04 is 
thinly set up with 0.1 micrometers or less, the electron hole which did not act as a barrier of a 
carrier and was poured in from p layers can pass through 1st p type nitride semiconductor layer 
by the tunnel effect, and recombines efficiently by the barrier layer, and the output of LD 
improves. That is, since a carrier does not overflow a barrier layer but it is prevented in 1 st p 
type nitride semiconductor layer 104 whether the temperature of a semiconductor device rises 
since the poured-in carrier has the large bandgap energy of 1st p type nitride semiconductor 
layer 104, or inrush current density increases or, a carrier accumulates in a barrier layer and 
becomes possible [ emitting light efficiently ]. Therefore, since it is rare for luminous efficiency 
to fall even if a semiconductor device carries out a temperature rise, low LD of a threshold 
current is realizable. 

[0065] Finally, p type contact layer 4 which consists of Mg dope p type GaN at 1050 degrees C 
on 3rd p type nitride semiconductor layer 106 is grown up by 0.5-micrometer thickness. 
[0066] After a reaction end, temperature is lowered to a room temperature, a wafer is picked out 
from a reaction container, annealing of a wafer is performed at 700 degrees C, and p type layer 
is further formed into low resistance. 

[0067] p type contact layer 4 of the best layer and 3rd p type nitride semiconductor layer 106 
are **********ed by RIE after annealing, and it considers as the ridge configuration which has 
stripe width of face of 2 micrometers. Thus, by making into a stripe-like ridge configuration p 
type layer which exists above a barrier layer, luminescence of a barrier layer comes to 
concentrate on the bottom of a stripe ridge, and a threshold falls. And as shown in drawin g 3 , 
the p electrode 21 which consists of nickel and Au is formed in the front face of p type contact 
layer 4 in the shape of a stripe. In addition, especially since the p electrode 21 is a laser element, 
it is not necessary to make it into a translucency. On the other hand, the n electrode 20 which 
consists of Ti and aluminum is formed all over the simultaneously of n type contact layer 1 of 
the side which does not form the nitride semiconductor layer. 

[0068] Next, the cleavage of the wafer is carried out to the shape of a bar in a direction 
perpendicular to a stripe-like electrode, and a resonator is produced to a cleavage plane. Since a 
substrate is GaN, a resonator is easily producible using the cleavage nature of GaN. In this case, 
a cleavage plane is [External Character 1] of a nitride semiconductor. 
(1 IOO) 

It considers as a field. Outside, in the 1st page, when a nitride semiconductor is approximated by 
the hexagonal system of a right hexagonal prism, it is a field equivalent to the field (Mth page) of 
the square equivalent to the side of the hexagonal prism. In addition, an end face is 
**********ed by dry etching meanses, such as RIE, and a resonator can also be produced. 
Moreover, it is also possible to carry out mirror polishing of the cleavage plane, and to create it 
in addition to this. 

[0069] The dielectric multilayer which consists of Si02 and Ti02 was formed in the resonator 
side after the cleavage, and finally, in the direction parallel to p electrode, the bar was cut and it 
considered as the laser chip. Next, the chip was installed in the heat sink by the face down 
(state to which =p electrode countered the heat sink), and when laser oscillation was tried in 
ordinary temperature, continuous oscillation with an oscillation wavelength of 400nm was 
checked by threshold current density 2 kA/cm2. thus, since face down bonding can be 
performed to preparation if GaN is used as a substrate, the heat dissipation nature of a chip is 
markedly alike, and improves, and the continuous oscillation of it becomes possible 
[0070] 



http://www4.ipdljpo.gojp/cgi-bin/tran_web.cgLejje 



2003/09/04 



12/12 ^— V 



[Effect of the Invention] Since the element which used the gallium-nitride system compound 
semiconductor as the substrate can be manufactured according to the method of this invention 
as explained above, even if it does not consider as the structure which took out two kinds of 
electrodes from the same field side like before, it can consider as the electrode structure which 
countered in the vertical direction, since a chip size can furthermore also be made small and the 
number of chip ** persons from the wafer of single area increases, ****** can be fallen 
Moreover, since GaN is a substrate, in the device which needs the resonance side near a mirror 
plane like LD, a resonance side can be easily produced by the cleavage of GaN, and the utility 
value on the industry is very large. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The type section view showing the structure of the wafer for explaining each 
process of the 1 st mode of this invention. 

[Drawing 2] The type section view showing the structure of the wafer for explaining each 
process of the 2nd mode of this invention. 

[Drawing 3] The type section view showing the structure of the laser element obtained by the 
method of this invention. 
[Description of Notations] 

1 ... n type contact layer 

2 ... Barrier layer 

3 ... p type clad layer 

4 ... p type contact layer 

10 ... Substrate 

1 1 ... Buffer layer 

20 ... n electrode 

21 ... p electrode 

22 ... Pad electrode 



[Translation done.] 
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3.1n the drawings, any words are not translated. 



DRAWINGS 
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[Drawing 3] 
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m m±<ommx^ms: 3 a z is t . & n ssg<i?gj¥i»& 

@±S5k:4>ft< it, T*fc^*-*W»**MWb» 

SXSSr^t? C 4*WR4^«l»«3B 1 £/c«2 (cgB«S 

[ StJjSR 4 ] * f * jU»=K_h§Btc n b^^ttS 
<& 2 0 u m«±OJgj5-C^SS#^Igi . nSilfct 

nMft«M|S3W*Ji±aBCil>&< it. T^-b^^-^F 
tin £j&fi 3 -a- £X® ^ffi^. S c 

4*1^4^*»fc«^f«^©HJS3&». 20 

3SW3B4 vCia*S©£{b^*#©§gjt#£. 

*C i*»«i-J"SI||*B4*fcB5«:Ett©aiYbtt* 

[W#3I7] stria nMgfb^»<*Jfttp§^b^ 30 
m<t®)¥m#&ti>ffititcm<D* + y < -r s 

[0 00 1 ] 

K) . LD (U— try-f*— F) ^©ffcftT^v*. * 
Mttfc ^-fe^^-^os^^W^^fflSti-S^b 
®¥m& ( I n x A l Y Ga a . x . Y N. 0 ^X. 0 ^Y. X+ 40 

i ) amoKaftmcwrz. 

[0 002] 

[fi£3fc©gtfi5] »fci»*«Mttt1HWW6LED. 

^LEDiur^itiiMbsnri^. &fb«j¥*Sf*tt 

t&^Sg^r L tcMWfi&te L/ ft t >/c#>fC . 1 
3. 5%fc^5f7 T -/ 7l«±(ClifML-/cS!S 

/l-UTJ&BiiftT^S. *&^S££l^c»£<!:ftS 
G a N<D^-;b^MS*fPKT-5^/&sJi-S5F92»!FaK:*j 
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2 

AU 1 2 0 0 'CtLfc, 1 ^^ffi«±<0»®i«EE»H»'t> 

oa^enr^ft^©/^^**. 

[0 00 3 ] AVl/^iiStciSGa N»RjWWf3ra 
GaNJ*J^£«£?*^#0|*l2ttM¥ 
8- 1 1 609 O-f^CnkZti-Cl,**. C<Dm^l>Cj:h 

GaAs, GaP, In P. S i ZfOWSLkK.. 
77rM/MtGaN?:5 0-2 0 0 wm©|gft!| 

^SL>fcGaNJS©±«:|lf/ctCnSiS > P 

[0 004] $/cC©ftk. #H?7- 1 65498^(C 
«. SS<D±fC/^^7r)B<!:GaN#^Hi«:i^0)I 

trfisss-a-r, GaNS^f^-rs^TSsfEtt^n 

TfcO, 1#&fl¥7-2 0 2 26 5-^vC«:lf:7WTS« 
Jl±»OWg©GaN£)£g3-ti-/cf£ > ZnO^fgi* 

-r^cifct^. »js©g a Nmm^M^m^mai 

[000 5] 

&f*£/&B$tf£ft:a6©GaNa«K:« > Ifc*©8fi5# 
»R*nrt»**J. C©GaN4Iiil//ci<b^¥i 

jijsg a n zmmcm-rz>&m j ?'H zm+zmm-r s 
[0006] tE^r. ^^©sflfii-rsic^ti m 

Ib^iSffcJ^ ftSfv^ Ic&tcK) , 
[0 00 7] 

[tSS*ft?^-r^/c*©#©] *^©^b^*»3R 

•f«-f©iatfri6t3: 2 axotttt^ e> ft o . mi 

«. H«±S|5«:nSS{b!gj^»«:JB (fe(T. nSUSiC^ 
^. ) *2 0Mml^±©|g|/|[-C^fi3-&SX?i<!: > s^n 
SJl±gP»C^ft< it> T*-fe^*-*««J**ttBMfc 

$tj^b^**ftB^fi^(ca«*i^*-r ^xg i 

t^t*;ns«© din wzmtvumm&oi&mw 
[ o o o 8 ] *mw<om 1 (omm^t. rt^?*-^ 



(3) 

3 

T>*~T> t K^^>^*ffll»3 0 0'C~ 1 2 0 O'C 
UtttfJK ft£©«4 0 0 'C&L±Xi>Z>. HiB*£*& 

i»#H«tf»rT--y >**•*©». as*. 

C(DT^-'J>^&4 0 O'CiUi^f^Ci^a 
$tA>. 10 
[0 0 0 9 ] $fc^WOm2 ©Mlitt, X £*;l/«*g 
±gpccnSJS5: 2 0 MmJiUi©jg/?-C/£gS-t**I*l 

©nSW±aJtCil>ar< ife. Ti'-fe^'a'-Wtt*^ 

*«M©»2©««K*J«,>Tfc. xt*;HS© (1 1 

i ) n*»feft**tt©j£SH4Tse &a*a* 

[0 0 10] &*5. *fiH©B»^3B{c*j^'C > S«±gp^ 

fiS«S*>tm4&<v ifiKgUGaN, A1N, 20 
ZnO*©^s»7rJl*fiRS8-&. R^v^rJIKtfiO 
tW2 0 Mma±©nSUi*fiRRS'ttSCi^*n 
6. 2 0 (imK±0M0nS)iBi-iS0Sfk» 

3w*-c*>ai»u * fcjHja©£& n smommzmm 

•?Vt>T**-7Z -*Ktt* F - 7 0 b«MNHMI 

*h6o^»7ri, ism. rStt/atc&ury 30 

[0 0 1 1 ] S 6iC. *^W©^2©J8«-Ctt. nil 
J$ft& ^©n§!!JI©^®4$iKtK£TSC<b4i|^<t 

[0012] <A£*9HI!<DJII20mi?IS. mTieStSBfc 
yTSCi*««i-rs. S£B*£»tc. aiRi!St4£tf 40 
ft, T>^:~T. t F^2->>3£4ffil»3 0 0*C~ 1 2 0 

MSfttfewsK «-&aft«4 o o •cteLkr&s. h®4 
^*«ct»*H**t?ri- »;>*'■«•*©». JUioflW 

«|5NH*J14S6«:fi«JS«:-r*yw«>r*0. 4 0 0*C 50 
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fiUi-cff 9 c 4 **a $ u (, > . $ /c*^bj©^ i (Dmmx. 
zm 2 ©sttt-cu. nig«p mm tcsss l /ciw©* + 

[0013] 

[»9J©3ttfc©JB«3 HI (a) - (e) tt. *^hj© 

«c»jft*wr«s»rifiar**. cn6©H47ccc2f:^ 
w©a i ©ssit^i&Bj-r*. 

[0014] Bt&HMP^OJiU&^UttKIHer S 
©Ttttt<. WttfMOVPE (#&£]3SMfgJ&B 
SO . HDVPE PAffidESS) . MB E 

[ 0 0 1 5 ] 01 ( a ) K*»t>T 1 0 &J«t£-C&-5. £ 
*WM!^«*rc©3^1 0©±«cfifcft3tf*. mi 
■OlirttlfilOKB. t77-f7, Xt?**. Si 
C, GaAs, Si, ZnO^OfflRJHIfflTjfW 

*-ffl^©a{b»^W*«2 0MmfiU:©J|IJIi 
rj&SS l/JD»t^K*A© ( 1 1 

i) m*mm¥mtov>j8&w±?z±, umsoa^ 

0«2*§^)*Xi^O 9 +>^*-^©*ffl«*i»3&J-* 
Ci(Cj:0*lJ»r-C#> *©¥ffiiB#2 0 0fj>«T. 3 £ 

«:»* K«i5o #«t. o < « i o omx 
t* M*a< 4 ©*m£«a*y>fc < ( 9 

%) . S7dMUi8M^ittf^%<. S 6Kffi©a<tffti|i 

J5)S©g{b^*<$4fiXS 31*T*>f5»i'**A»)K< 

«{C G a N 4 1 0 u m&±<DfflZ-?i£&? h ttvvZ 

[0016] ^K. C©SS 1 0 CCgL-r/N' V7rm\ 
14fiRS3-a--5. A 9 7ril 1»«*»A1N. Al 
GaN, GaN, I n G a N*©affc<8MNM** 2 0 0 
*C~9 0 0'C©ffiS'CSRfi$-li'-5>. /<?7rll IBS 
Kl 0i^»7T«©^«:fi8fiS-&*a^t«J*»»4© 

t**aM*a#©tt^lBKJ:») -/> F-7 (^*fi^4 F 

77H11 »a^r, n ss©a«te*^"i". 

[0017] (b) K.TrrfJzSlc, /<?7ri 1 

lCCgbf. nil 1 42 0 MmW±©M/lt , fiSS$-& 

awift*-afltc2o*tm«±jafir*«^. *©a 



5 

ntV®£«JSl.T2 0 //mJjLbincife-C^S. 08 
fcfc&K? 7rl 1 l©±KGaN45 MmfiSg?^ ■€• 
©ItClnGaNiO. Um, 36fc:GaN45Mm 

S. c©<fc5teSJg©g*M^»tt4J£gS-t*S*6£(c 
fcOTfe. Stiti Oflsxb'^u-c&tttf. fvvtxDh 

«MN^»WIB® J: 9 tc v > F - ^-Cfe n fiKBftft 
^ jlfSKiJSu Ge, S nW<D F*->FW»* F 
*+UTiftS*IWEUyfcniH»*li8fiStt* 
CijMa*U>. nSM l©lgJ5Si2 0 umJW 

±. 3&tc*?2l,<t25 0 tfifilb, &4>$?£L.<ra:l 

00 umJ2l±©lRnrcj£ftS-&&. 2 0mnJ:»)Wflt 

fcr>T. iEtt&^©*?^*fls«Ltt:< <ttS*»6-C 
[0 0 18] F^-^*6W*F-^lyr*+yT«K* 

safs-r-sts^ na» i t y 7ifig»A ? 7 r 1 1 

1 tcftftLftiffl!©* +■ y Tr£K£:*:£ < U -Jj'Alcm 
-*-S£&tffl£U,». C©<fc5tC. p&Wtc&i&Lfcffll 

©* * y TMtt*/^ < or. «3**>o^cdm©* * 

yT««***<*-3&. «K»R1 04BIMil/C v n 
9W 1 PJtt n ttS€J£j£Uft:R!©'* * 'J 

[0 0 19] (c) KnVrj^fCnSUBlCC&l/? 
?§ttM2«J$S3't*&. nSJB«:«L"C0JiS-r*iSttfli 

i2»in *GtsMtm#mto <t 0 at *#fjb4$£? <t 

9tc4t&U *f* L < «=7C®S© I nGaNJcO&S 
#Fffl#a$ =7C^1S© 1 n G a NttH7cig&© 

©#F/aJ: 0 fr S*-»?#F«ift ( S QW : Single- 
quantum- well) iti. £/c. L DiR-T^rfEST-SlS 
£«C», i§tM4I nGaNJ:»)ttS#FJi£» #FH 

mmt&mmoit&mmttFim (mqw : Mum - q 

uantum-well) iT-So ©gJSk|BH${C=7tilifl© I n 
,.Ga».».N <0£X'<1. x* <x) *s»*0<. #F 

+pss+#f+ • • • +p$s+#f (-eoje-cfenj) t 

JI& 1 nGaN«fltJll/fcMQW£-*-&&. tt?&ttn 
#£3fc-Cifo3 6 5 nm~6 6 0nmrar©S(ilMLD5 
^tSCimS. <*6fc. #FJl©±(ClnGa 
N«fc9fc**gH*8Ui-rs&. lnGaNiOftiB 
SH»A I GaNtCit^T*§J|j!>iJII6aH> 0 ■^(Dtcibf 
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KiOA I GaN©I3tf<T*S©tl/-!r» 
JfiWUPHT**. 36(C. InGaNiAIGaNiT 
t^A©&ft&iX&Jl&S. Witt*. MOVPEftrti 

1 nGaN«6 0 0*C-8 0 0*C-CES;S3l±-S(DK:>PtL/ 
T. A I GaN(J9 0 0 °C j: *3 iS»l^iaS"Cfi£S3-t+-2>„ 
fS-^r. 1 nGaNJ:9fc*#F»*JiR*3ttfcf*. A 

IGaN«fe0ft*MBMI4BJ»S*J:5 4rti«. JiSfi 

tcm&2 Htc 1 n G a N#F®##fl? LX 0 3f 5 ©r*£ 

»»tS iMQWSffiMt *©#Hlitt*. *n«C*f 
I/. flSSJSkl nGaNitSi, #F® <t Pf 

<b*s-C#5. ChttMQW©*&&£U>flm&CTl/ft: 
t>©T?*S#. ffetC#/3Ji4 1 nGaN, WSBfcGa 
N, A I G a NOJ: 5 K#PiJ: 9 tWBIO/O 
+ v ^"x*^-*** < TftWr*© J: 5fc«dK"Ci A 
20 l». I n G a N ^afi^#F«it, 3g b < «#-S^# 
F*Kft©fg14Jitt. I n G a N#F»©lllJdPI3&— «C «fc 
I n y •?3 i ©x*JU**-#^>^-Wl'#FJf 

*. o£ 0 . c ©J: 5 fr*— F P - 
W-rfiJESl/T*J6-r. GflCj©*^a*i^«(CfcS^0^ 
*) fc/O F+> »^©A*C»i»5 » FJBr^tfy^'N 

FJi©«*iai4*tc«ffli©iWEn«iecHi;iia>6n-5. c 
©/c*. ^ + yT#fti o~7 o^->yx fo-aeio 

M#*-53#7c©I nGaN<t«3^c^S^. 
[0 0 2 0] *Kil (c) «C^TJ:5(C t r§ttM2© 

40 sra^t,^. ) ^ss-a-s. c©s-c««fcfBw«cL 

ED«®?:^L.-rt,^©-C % pgiJlttpSf^^ f FJS3 
4. ffittB©±T*n«i'C-C4>if/cK:jfA-r-5.C<!:*i 

-r^^o c*i6©payitt>£g&. rx-y>y 

[0 0 2 1 ] ^©.fc^fCtT, »«1 0±fCnS5Jl 1 
42 0 MmtLk©J^J?-CE£fi3tS\ ^-©nMJl 1 ©±CC 
^<i^. pH3, 44^S3-&S. fcfcnMJll 
so 0 i©IBtc^9 VrM 1 1 4fiSS3HfT^J;C» 
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U £7cnM® 1 4pg^3 4©R8K«14«2£J&B3 
■&T*>, #2SBJi©fBBF'rC&SU ZtcnMm 1 4rg£fe 
@2 4©R8K:. ^©ifclESJ^&SnSiJS <«*.«niH* 
5? Kg) *fiSS$-ttSCife-CtS. 
[0 022] 'AiC. mt®¥mft£ <0 

( d ) tCTjrf J: 2S« 1 0 fci&^-TS. Stii 1 0 * 

sic», yjj?^ F»wc5» t>y 

ilfcffllHM- >M©«Bt. *fti8+®m<b*lg-C*tSffliJ£ 
»B"r*c4K:J:i5l»*'C#*. tebH l -ctssf » 7 r 
JB1 1 ^l»*L"rt»**s. ^»7rll 1 

C©£5KLTJ»fc«ja|saMW:»)&.5. nS!»l©SlH 
4, pM®4©affi4#±Tte»mufc7*-^*fNK! 

[0 02 3] HI <e) « <d) ©9*-«*6f» 7* 20 

jesters * 6 n sub i (Dmmx. « n *« 2 0 *«w . 

i±l©pl3>$d' H4K«S*tt©pli2 1 4 
a"? FKS2 2 43&»6ttSSffi*?^J5gUrc»*. pSi 

2 1 \m^m.<D^mmm^ib k> . m«o . u m«r 

U»*- 5 9»&tt*1»Tt>«. 3§#14©p«@2 i» 

*:»«:paw«:d*n**3R*T-- 'J>wc®il 
T> <BSttfcpSSJl©*ll«:*#l/ci,>a. *fc-*»F 30 

2 2 «a*tt© p mm 2 1 seas? -< 
z/tftzt mx&mfa 2 1 tmifiti**? < *c * ©t\ p 

«2 1tf»*l«c*4i. •7Yir-»K>f , -{ >^WM>jK> 
[0 024] *j&93©& 1 ©S&f$**fi£3fc©G a N©g*g 

C©J:9K. -fij&g 3 tt^tt«MNI#*£I&gB*> 
6a$rtc3R^«Bi$-cf^o-ci,$5C4tcJ:«j3R^© 

rStt3g«*»6JK0aSttt>fc»«:, £Mfcft$!ft.2>c4 
KJ:4Mfc»¥^i«*lH©^©BMfc. SEK*l»±r 
£C4**-C*S. 

[0025]H2(f)^<j)B. ##&9§©»2©» 

m-i-«eaKBBiar**. en6©ia*7£«:*»9i©*2 

©SI«l*|jiBJ-r-2)o 50 
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[o 0 2 6 ] 02 < f ) dCT^rmmi o«*t*;uj:9 

ft*. Jff2©jm?K^tfX£*Jl'?&S£<6tf& 
S. fctfttS, 1112 ©HW«*1 ©««£«&»>. 345 
1 0©±fCnaW%fiR*S"ttr36»6»R*»*-rS. ■€■ 
©fc». #-*fi^©nSta?r/»M-C^S$#6^*5 t W 
flEnSW*Sl£3SSF«J{C«l/. 1 0 0 0 TCfiUiOWtC 

«rajsJ»*if9RiK. ns»©«ft. ^tt«©eM 

& nSJI©S , 3© c fc ; 5^Sa { 3^^<*/c*(CM3; 

**«*w*fej5Efi3-a^-n>©i*fli i ©ata-ca^te 

[002 7] C©Xf*JHSl 0K8l/T/<57ri 

1 /<»77ll l»Jfri©J8$S4#CC 

[0 02 8] ^C(CC©A?7tJI1 lCC&l/TnMJIl 
*2 0um«±©li»"CJjSfiS-tt&. 02©ttfi'C»C 
©n 1 »#-©^{b^5^»^fflJS. »* b < «G a 
NT2 0 um«±©&/rrj&Bi*-eSC4#S£U>. 
36(C> »2©«WT?14 1 n£UI©lJtW2*;gts<l£5 
OfiiHi, S6«C»*0<I*1 0 0 uiHi. ftfcff 
*t><ttl 2 0 Mm«±©jgt/rci&S3tt-5>C4#5SI* 
tA*. Cfttt. nSM 1 JffiJtflticSK 1 0£K*£l/T. 
*fctt**4tt**«©nS»*fl*U 3 6KC©n 

aw©±tc*fflris»Jsis*tT9. »«4tt*naw*> 
w©»fc«Na»»»*mi»r**t>*j-€-n3W**. «e 

©S£i$-Ctt n MB 1 tSM 1 ©Sifil cfc 9 4>JP < 

[0 02 9] g/c. mi©««4^|D<m2©fi8«-C 

nSUlKSi, Ge. Snf©Kt-^6«H 
-7*t/C, *+yT^*IWUfcnSW*Ji!aS3li* 
C4*SM$U<. F^~7WII« F-^UT+t UT-MI 
flE4PWE-r*«^. naMH©*fUT«lflEt3:/<»7T 

ill i K:^3au/cfiij©*f •;r?«s%^c#< u. 

r a 1 1 *> 6HStl/cfgiJ©+ +• U Ti&mZ'bZ < * * C 4 
[0 0 3 0] nMJBlfiR«fg, 7*-»*KttPS 

2 (h) icm?£5<<cm&i ozm&-rz. »r«ik£ 

-r^C4iCcfc-5r. Sll©i®402©i®436SSab 

$/c. 02 (h)Tt.PSH:^?77)Bl 14>^*$*1 
r^Ss&s, C©MHtt^l©SI«4|SID-C , *^ (1 

[ o o 3 i ] 3 hie, «r2©««rB. SSioi* 

^ tt©*^*W"*"*WlSl»aMW*»*SS*S*<fc9 
4T*n£!S 1 ©«ffl*«lffl!K4r*C I/O. 
•BBWi-rSKB. {WW* »*>*©«!. h'7 

mmmmw**- ?-cz zmnmm+ v >m<o 

J:5«c«il>!fe<. ft|fttt«»ffRr^at>. W**«**>»*L 
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[0 03 2] ^fC. 02 (i) (C^-Ti^tC. nSMl 
<Daffi«:ffi14Ji2. pffi*5?FM3. pS3>^i?F 
M4 &WBK:?B®-r S. r§tt@ 2 itm l ©awcifc^fctg 
1^±iI^$©&©aM*<M!?*lA>. *fc?£14)i2inM 
Jfl<b©ra«:, nil 1 i^cC^,^X«rWT-S»n®S{t 

•j>FJI3, pSf3>f d> hS4tCoc»rt>Sri®flHK& 10 
HOT**). SA^WKftCC. gfc£JfiJjR*:ftr*P 

[0 03 3 ] 02 (h) B ( i ) Os--^?^ 
«{C^J«3 Hi UfcfifBBNigM*?- » 7'«3t=Sr^-r fc©T& 

o . 2i. /< » p«s 2 2 ortmfbmm i 

©Mt«&4$«:Jl&3 i©rttfcn#t, c©? 1 » ^« l 

(e) ©9^9 ^iS64^B, r£14Ji2©TK:&£n§? 

ur ffiffii 2 ©tk* a n mmzmm s 

tf. RHll/ft:i»f>i'ii < x»*i/y»&©iair. 20 

*©*sjwi*©fc«>. mm'v±TZ$&B<D?v7Vttc-rz> 

*©S»r^a*Bt& 8<b»¥*ftK&iA 
^®K^©cfc5£e^ll^ll##&£T££. ?^S#©<i 30 

ni4^[6i±-rs. c© ( j ) ofl^sm ®sttcc*si> 

[0 034] 

[^*S0}] MOCVDffi{cc»k»*»ft*JS8* 
S^S^Sc*^***. *»W©3SfffiBM0CVDW 
"Cfc<. MBE, HDVPE«f©»b«NS***JSSfiS 

•5. SfcX?ttaHCot,>T6, f*«iWfrLEDJR-*£L 

S&©"Ctt&l>. 

[0 03 5] [JtRMl] (*1©««) 

0 1 ZtzK. LT*»9§©» 1 omKHnr &. ( 1 1 

1 ) ffi*RS«Hfi"r*^t*A»El 0 (MgA 1 

,o 4 > *sa&ipart«c-fe » f-u sa?s»rt**3Rr+ 

#g&Lfcf£, *JR**lyJDC3&»6. »«©S&*10 5 

[0 03 6] tn,»-c. ias=&5 i o*c$r-Rf, »; so 



10-1 17016 

10 

T#XCC*JR. M^XJCT^TiTMG ( h 'J ^ 

ft4'<»7ril 1 **<J2 00t>^ ho-AOlJ? 
-Cf£ft<*-t£S„ rt 9 7rlBAlN. GaN, A 1 G a 
MW. 9 0 0 'C«T©SSt?. il^+t>^H3 

[0037]M»77il 1 TMG©*±» 

r. sig£i o 3o - c$-r±^s-a-^„ io3o*ck«c 

ofc?), HC<JH»*fX{CTMG. T>*~T#X. F 
-/s>h;tfxK:^>#x£/Bt,\ Si (b)K:^-r<fc 
nl3>*9 Mil ittS i H-7*nIGaN 
■*1 0 0um©iWrjas*S*S. nSn^i'H 
1 BitOO 5 0 urn t V riK©n + 4 1 1. 'A 
©5 0 *tm£{£* + VTWkBKDn-tirZ. nla>f 
5> MSB In,Al,Ga,.,.,N (0^X 0 ^Y. X+Y 
SI) rflWffiCiiW*. UKGaN, InGa 
N. *©ifit?4 S i 4 F-^OfcGa Nt?l(WW4C i 
££9. **U7l*«©m»nSJ!*i»6ft, ttcMM 

«4»*u^*-s » f«j»30*»6n*. £«&©**.& 

tl/TBA 1 . T i . W, Cu. Zn. Sn. I n^© 

[0 0 3 8 ] fttCJMfttfXlCTMG. TM I . T>-=6- 
r*ffllr>. SS*8 0 O'CtC^l/tT. />K-7'In 
0.2Ga0.8Ncfcf)%-5#-*^#F»3i (SQW) <fc D 

astst** 2 * 3 o * > v x h a - A<Dmm-ci&&2 •» 

&. ffitti24InGaN,l:»IStS#Fltdtf*-l 
<4Pa^Ti|i5j3 65nm~660n mlBr©i»ffi*tt» 

Otf^x ha-Afe[T©J5$«:lSS-r'5ct*5a$ L/ 
t>. #-«^#F^ii-C«7 0^>^XhP-A 

«T©)gWK:3S^-r-5 C H>. 
[0 03 9] ^CtC, ®S4 1 0 5 0 •CtCi^S-a-. M gr 
F-^pBA 1 0.2Ga0.8NJ:0Stipfii'77 KB 3 
*0. 5 ym©JgJl-CESfiS#i„ ffi14®tcS0rfiSS 
3«-SpS©^9? FJIttA 1 «dtrttfb«MNn*. » 
*U<ttA lGaN*aE*S-tt*C4*Ja*H,». P^ 
JcT-5>fc2f)©Ti'-fe^^-^FiWfJib-C«Mff > Zn. 

cd^irKOT^w-sci^r*. cnp>©r^-fe 

<fc 0 p M©i£il#f#6ft.5#. Iff* 0 < »^SftT ^ 

[0 04 0] ^(C. 1 0 5 0*C"CMg K-^pSGaN 
«S:5pfi3>jrj>H440. 5 wm©Jg^-CEKS 
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J&B&tDB>rBQBI#ia 1 (c) V$>i> 0 p3>=i> 
$^H4BpSIn»Al,Ga 1 .,.,N (O^X, 0 £ 
Y. X+Y^ 1 ) r:mi&?Z C t&-C*> <|IClnGa 
N, Ga N. «©4"-CfcMg£ K-7"WcpSGaNi 

r-5<t. yr^wis^psjirt^fetrc. ie 

tbXitN i. Pd, lr, Rh, Pt, Ag, Auf 
[0 04 1 ] SJ£»Ta. f * —"*KI6SS*> 0 10 

mu if«i*fflt»rwkiiMis«»*j«»s*Tc»aci» 
flPJ©*tf*;uS® 1 0 479f>^Lt, 01 (d) fc 

hJli^tfy^^brgiatti-rs. 
[0 04 2] 7^f>i'lfc') I w\?:;j(ic, r--y 

>y&gici££u T>*-T3wa*w»T?. iooo'c 

©7-- y>y*tf 9. COTi-'^^tt. 300*C 
£lh. 1 2 00WCm\ 7>*-T> S^^ON 
©*^tf#H«*-C?f 5 Cite J; 9. tjMUM*OtSW£ 20 

[ o o 4 3 ] r-- u >m 7 z.— y > ytatrtw:** 

7 0 0'C-C7i-';>^m^ pM@?r2 6(CffitStn 
{fc-T&. C©T--y >^B31^4 0 o-c«±-cH*$ 

[0044] 7--'J>m ^y^>^L//cnS!3> 

$*7vmi (DaaoK^atcT i £ a i &&tt nii 30 

20*2 um©lUroBKBU — P Si F-Jg 
4©««£MCCN i £ A u £^t?j£7fctt© P Sffi 2 1 * 
1 0 0*>y* Fn-A©jUrc»fS„ pS3>* 
* hJf 4©atffi&t$?g U,»*-5 * 

iooot>^ho - a feme or 3g#tt 
&cr£c£:#g$iA>. ^-n»s@T^-y>^c7K 

IS#j§#ttm£SS^Tp£^*> 68118 U p^ia*? 

(CMW2 m m©^ » Fttff 2 2 *JBsRT *. 

[0045] £Lk©ie#*7a. fi{fc«NMIW*'i> * -/\ 40 
*nffla>*i» hJBl®»Htt*fflC»"C»Hll/r. 2 5 
0*tma©LED*?-£'r*. C © L E D SfHF-HLkTtC 
*fiarr*n«fi£p«fii*WU W*IftI«i* (I 

f) 2 0mAKte^t. Jl^lSlSEE (Vf) 3. 5V. 
^ta^J 5 mW i«tifc^ftt*m Lfc. 

[0046] EH*fi0iJ2 ] mmm i oc*jt,>T. as«cctf 
7r-(7 (oooi) mzm^zmzmmwi tmmc 

LX, 1 7 7 7Si©±KG a N J: "9ft 5^' "^7 r I 
£2 o o^>yx ha-AOJgJrr-JfcfSrr*. 
[0047] ^KC©^7 7?iO±KS i F-^nS 50 
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GaNI^5vm^SSt^ &«C«K* 8 0 0 - Clc 0 
T. Si F-^nlGaNlCllC, Si F-7'nSn 
n0.lGa0.9NJg£5 0 0*>^X h a- A/&B3tt 
•5. ^C«:|5IC<Si F — T'nMG a N?: 5 nmSSESS 
■B\ S6&CS i P-^nS I n0.lGa0.9N£5 0 0 * 
>yxhd-Aj&g<*-t±£ 0 C©gl^* 1 6[5I^«3iI 
0. mmmeo. 6 Mm©nM3>^^ hJKdtftS'tt 

JOC&lQSeK (If) 2 OmAit&^T. MB 
(Vf ) 4V, jfc#Htfj2mWr*ofc. 
[0048] [236013] (»2©JBW) 

1 ilaJfiKcUT, (111) B£l£g®£T£*t*Jl' 
S^IO (MgA 1 ,0,) <Df <)-~>#*'ifi<\ 
^JHfil OifcGaN^O^-S^'f^rJll 142 0 

©±K:> n + in-Jli*m/cn^=i>^i' hJBl t 
Si K-^niGaNM 1 0 0 Mm©MJ*-CJ?Xfi 
H2 (g) 

[0049] 3*-^*Ki£8ii*»i&8UtiU 

^JHfilO^stfi/yUT, H2 (h) &c^-rj; 
^(C^f*;l/»^1 OM^'^rll 14i*lnS 
FBI "Jx-Aiti. fi+f yr?s 

a (n-) M<Dnm*>$ 9 \-mmz#v Zs>?LXm 

[0050] ^'J-^m nS3>^ F«Stg£& 
fS^S(C^L/. r^^r-T^H^tf-C, 1 000'C© 

>J > y<&tf 5 . ttfeMIFttK b tci&* +• y TiSS 

[0 05 1 ] WC, JOtWl 4BIHWci/TJj<y5/>^L 
fcn Sfa > £ * Ml 1 ©ftlftC S QW«Jit©r£14Jl 2 £ 
3 0*>^* hP-A©MJfC)?XS3^ -?-©rS14Jl© 
±(cMg F-7'pSA 1 0.2Ga0.8NJ;»3^^pSi'7 
•/FI3 4 0. 5 vm<DmmXf&&2&, Me K-^P 
SGaNi'J&ipSa^^^ F@4*0. 5fim©)S 
i»-C^S3-a-^. fiX«^©»fBia* i H2 ( i ) -e&£„ 
$/cffi1±)12*R2SSli'-2.f?iCnS3>^4' HB 1 
ffl^GaN. InGaN. A 1 GaNJ:0ftS^» 7 r 

[0 052] JSJt^T^. JSJCCSHrtCCfc^T. H«r^ 
SUtt^fia*. ^^.tfS^. Ar3?©^fflm*. 7 0 
0'CT-T--y >^*tfC\ pSfJS^rSe.iCigffitii'ffc-r 
•5. 

[0 0 5 3 ] T--y 'i'x-^^JSlc^fS*^ 
pS!3>f? FJ14«*»6«1 0 MmtlM 
gt^SCR I E (SfSt±^^>x^^>^) 
tfCK 02 (h) tCm-r«J:5K:nM3># * HB© 1 ! 1 ® 
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[0054] xtcnmm i mwiico-c. mmmmw 

ItCT i iA 1 *^tfnS@2 0*2 wm©J®J?-CJf2Ji£ 
U — vM=»Z? hJ§4(D««£lD{CN i iAu 

y F«@2 2^^-r^,. 

c o o 5 5 ] w±©xs^7«. mtwmwwv x-^ 

^fc±TfC;ftftTSnm©<!:pm©<t*WU If 2 
OmAfC&t^T. Vf 3. 5V. ^feffi^j 5 mWiffh 

[0 056] [mmm4 ] 0 3 u-xmyo-ftWiK. «t 0 f# 

JWMSKCtt U-1f#©«£ftfc^&;frfirfR-?*tfJ 
l&rLfcRg©^*^-^©-?**,, J£TF. 0 3 ^ttcK:^ 

wvyrmic j: 9 l d ^sgg-r-s;*?**^.^ 

[0 0 5 7 ] HS£0H3«::tet,>-C\ Xb'^HflOJsJ; 
9't 9 7rJll 1*B££U J&6M** Uf^C/d® 
ill 0 0 wrnCS i K-^"GaNJ:«3 3&SnS!n>5f ^ 

Mg 1 3 * -^j&SJS^SrtKr^aLfc^. fig* 8 0 
O'CJCLT. M&tfXtcTMG. TM I 

C\ Si F-T'I n0.lGa0.9NJ:9&£?-7-:?:5>Ei5± 
11 0145 0 0*>^X hP-A©Jg^-CJj£fi;*ti- 
£. C©*^ y *R*±Ji lOlBIn *^tf n39©gfb 
ymm&> »£L-<«I nGaN-e/^fiSif-SCifej; 
0 . ^O&gS A 1 *$if|& 1 © n Sfgfb^^i* 
11 0 2*J?Mr^S3tf£t£#nJfi6<t&9. &%UL 
*?£LA>. LDOii^iJ, #B5Di£«>Ja<!:ft.2>Jg*. » 
$ L < « 0 . 1 u m «±©Jgff "CJ&ft 3 -tf -5^*5* 
•5. S£*-C«GaN, A 1 Ga NJMcZXBcjUg. J?p© 
A 1 GaN*J&g$i± 2>±> '&frhfgL&%mcA 1 G a 

Oi'v-; ^ErlhJl 1 0 1 ^Kgfi^tSA 1 *^t? 
m 1 On SUtfb<K¥3MHI 1 0 2 fc £ 5 » *#A£©* 
B±t4Ci#T»4. ^feCCD^^f fffilkMitl 0 
0*>^hO-Att±, 0. 5ym^T©M/lT/&B 
?t5CiWS5U^ 1 0 0*>^X HP-AJrO 

0. 5um£K>t>!MU,*.t. -Stefan* 
5. ft*i t C<DZ*r y >?m&m 1 0 1 W^S^S. j£g 

[005 8] &(Cfig* 1 0 3 0 'Cft U-C. JSOfttfXK: 
TMA ( h U^?;t,TiU5-^A) . TMG, NH 3> 
S i H,*mi.\ S i K-T'nSA 1 0.2G a 0.8N J: K) 

tezmi<Dnm^b®>m£#mi 02*0. 5Mm©jg& 

/TC/SfiStj- 3„ C©S& 1 ©nSfSfb^«(*/i 1 0 2 

f rm c &&>m. sot d&jwb t L-atm 
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U _tfE©J: -5 KA 1 *#t?g>fb^S*f*. «3f U < » 
AlGaNMfiSt5Ci*5MH<, 100*>y 
XhP-AWi. 2wm«T. 5 6(C^*U<«5 0 0 
t>^hn-AK± l 1 nmOTTtg Cite 

[005 9] fig* 8 00 *C«:Ttf > S i K-7"nIG 
aNJ:9&Slfl2©nlffgjb4^iJtt*Bl 0 3*0. 2 
tfm©J^jrC)&B$-fc»-£. C©J&2©nM£{bti;£2»{$ 
fttf-f FJliOTflMBU GaN. InGaN* 
10 flSfiStiCi^SSiK, I^100t>^Ha- 
A~5 u m. $e.OC»*b<«2 0 0^>^XhP-A 

[00 6 0] #fC. JH£M/XK:TMG 1 TM I . T>* 

^T*ffl^-ctsttJi2*^ss-t±€»r§tte«?as*8 o 

O-CtcGMfU-C. F-yi n0.2Ga0.8N<i:>3 

&£#FJS*2 5^>^X ha-A©^Jlr^fi3l± 
So 5WCTM I ©*;H£*^{b<*-e£©.fc-C|B)-fiS 
■C, y> F-?" I n0.0lGa0.95NJ;9&&P?MJt*5 
0^->^X hP-AWM/ro&fiStfSo C«^2 
20 UttOiEU &f£ft#F®*«JILfc£»fi^#;3«Jii 
©rgttJB2*^S$-t±S., 

[006 1 ] 1 0 5 0*CK:±W\ TMG. 

TMA, NH,, Cp2Mg (^>^D^>i?^i^;t/V^ 

¥-^A#l/\ Mg F-^pSA 1 0.lGao.9N«i: , 3& 

z>fgi<Dp%mim¥m#®i 04*30 o^>^x h 
ftjiio4« > ^iwrBpaiifc*s, mm&m^ 

tctb x n S^iW^* F-^ + * U T#*f «S nfc i 
30 Hil/t^il, ffc»SU<Bpaif^ IflKD 
pMS{b^5^|#:)B 1 0 4 ©JgilttO . 1 m mJim 3 
6fcJfS 0 < (J5 0 0 jr^ifx h n — AJ^T. Sfe$T$ 
L< W3 0 0^>^x hP-AJWTfCg^-rs., 0. 1 

m m j: <o m^mm-vf&g: $ -a- s <t . mi <dsy b^^si^ 

©x^;i/=r-^- y t* h y*>\,mZk<iC <t •? ffla-C*«c < 
*/c. A l©fflfi£i:b*iA*l»A IGaNlKI 

40 0 . 2fcLL(DA l,Ga,.,N-C*h«5 0 0^>^X h 
P-A^Ttc^-r^Ci^SS^^,, f l©g{tt* 
1 0 4©^©Tf®W#JC8B^t/ftC>#. 1 0 ^J- 
hP-AW±CD{^5-C^-r5Ci*JM$ Ut^ 

[0062] ^t»r i o 5 o*c-c> j<y f^+ 5^1* 

1 O p S34b<85¥3*#Jg 1 0 4 «fc »3 4>/]n$ 
Me K-^pSGaNJ;^^20pMt* 
i»110 540. 2 u.m<Dmm-CI&&2l£Z>. COJ1 
«. FJliOrflsfflU ^2©nS?^b^¥^ 

1 0 3i|5l(;<GaN > I nGaNTSS§ti5Cidi 
50 Sfc. CcD®W^3©pM^b«I^?ft@l 
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0 6*m&Zi±Z>V&<D>*v ^yJBiOTfcflUBU 10 
0:*>yx hd-A~5 urn. 0 < te2 0 0 
*>y* h 1 y m <DJ&m-Cf$,& 3 1* £ C 4 <fc 

[0 0 6 3 ] M^X 1 0 5 0'CT. ^^t-^i* 
;U=F-#lfr 2 ©^b^^&S 1 0 5 J: K) M 
g F-^pSA 1 0.2Ga0.8NJ:9fr-55fi3©p§!J&rt: 
06*0. 5 um<DmmXf&g;2-&2>. C 

<Dmttmi<Dn$m<tw¥m#m 1 o 2 4isid< . * + 
uTHDixst)jg s %.vj/tmc&#>m±vc{mu> ai 10 

*dtrtMt«3a»fr» L < (2 A 1 G a N # 
i>CttmtL<, 1 0 0t>^ hd-AJiLh. 2 /x 
mfelT. $6CC«P*U<«5 0 0^>y^ ha-A« 
±, 1 tfm«Trfifc*3l*Se4K:J:»). *§Ht£©lil> 

[0 064] *^6S^Jcd J: 5 K I nGaNA0^S#F 

■*wr*sstt»©*i#. *©«£»«:« u-c, fgii 
o . i u mOTOA i £^trsn i © p saani9&m»m 

1 o 4*tw*. *<Dp§m<tyi¥m#m£ k> btmrnfr 

6*ttfc{i«K:> m©P§!®fb4^5*f*»J: 9 20 
v JI/^-tSS/JnS l>m 2 © p S2gfb«j¥i*# 

1105 ^©s&2 cd p sum btt^vttn 1 o 5 
£ *) btmmfr 6ii*ifcffiwc . ^2 © p 

3«* cfc 0 & SIS 3 © p £S4btt¥*ftJR 1 0 6 *KW 5 

c4«#Sfc:*?*tA>. u*^c©^i©pMS<b^ 
i^Il 0 4©JgUS£0. i nmm : tm<®%.ux$> 
ztcib. * * «j r©^* y r 4 b-r^ffl-rs c 4ti&< , 
p»rt»6&A3ftfciE?L#. h>JMtf&*KJ:»>#l© 

pw&{m¥mftmzmK>m.vzctifixzx> nmm 30 
raMs.fc<Big£u LD©ta^*^±-rSo 
aAsnw+yrii. mi©pMg{fc^*^ai 0 

4©;0 K¥i> »:/x;M^-#:*:*ir»fcai>. ^4*&£ 
*©»fl»i_tJU,Tfc. *si»B^*»*ttrttf»*.r 

*>. *t'J7Bffitti*s|--/<-70-*'i'. f 1©P 

aaHt«Mm*fM 1 0 4 r Hjh s fc» . * * r & 

*SttJf&cJH<g «3 . SMs<fc C4**ITCB4&S. 
4#-C#£. 40 

10 0 6 5] *acc. ss3 © P mmtmmm»m 1 0 6 

©±&c. 1 05 0'C-CMg F-ypiGaN<t^j:4p 

m^yff hJi4*o. 5 um<Dmmxf8,&3-ez>. 

[0 066] J5lc^7&. aUt*Sft*rTlfT->* - 

^*JSj£^n^6moaiL/ t 7 0 o-cr^*-^©r- 

-'J>^Tl>. p35JI£3 6K:ffifi£WbT£. 
[006 7]7i-'J>m R I E <£ *) SLhJS© p 
M:3>£* hJI44> ^3©pM^t^¥2i(*Jll 0 6 
4£i*?>$'LT > 2 m m©X h =y 4 ^Mtff-TS 'j 
vVrnkt?*. C©<fc5te. ffittJBJ:0fe±g|5(c*S 50 
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hJ14©Siai«:N i 4Au<fc9&*P^52 1 
£X h^-f^KKJUsM - *. fcfcpH«52 1 »u— !f* 
^■CftSytabWKjJHfettK-rSjjWtt&li. — T i 

4 a i £K>Kz>nm,m2o*&immm»m*&mLx 

t,*&lMHiJ©n§9=»>£ * l ©lJ«£EK:7&£-f 
[0 0 6 8] ^C. ^i-^N^X h ^ ^©MffiiCS 

*. WiaB«C»B&6«GaN'r**©-rGaN©«Ht4* 

mi) 

(1 100) 

fflifS. ^ 1 Hi «^'fb^zS*^iE7 , Nfttt©7 , ^r B 

Zkxi&m. b tcmsic , *©Aft ttoflBffifKffia-r sraft 

J^©B (ME) {ctBSTSBr&S. C©ffe. R I Em 
[006 9] 969m. Xm&miCS iO,4TiO,J:0 

Kz>wm#&mm*BmL. iwcpWKwwiii 

(=p«8*Jt-h^>i'«:«iajOA:tt 
tt) "et-hi/^i'tCKBU fltU- !f«8*K* 
/c4C6. L*C^S§SSS2 kA/crrf-C. AJ8%R 
4 0 Onm©a^jS^JSISSnA:. C©<fe^(CGaN 

fees?). *?:/©flcf»tt*%&«:fiLhU S^ieiS* 5 
pj«g4%^„ 
[0 07 0] 

[^©^*] fiLhtt?80fcJ:9«:. *%W©^»cj; 
S4^b^y>A^b^«J^!»«£*S«4 LAdR^-*» 

jt-rsc43&i-c*&/t«{>. w&<D&5im-m®Wh2 

«8©«fli*Bl«3aiUA:«Ji4l/ft<rfe. ±T*l^{C 
>Ft|6]0fcS«B^jS4-rSC4*i-C#S. SStc^-y^lf 
X fc/J^ 3 <-C *£©•?. Bm©^*-^6©^ 

GaN*sS«"C*S©"CLD©J;^^ffi«Cjtt^^iffi 

«B*fWr*. *©JMtfc©«»iWl*#1iKe** 
[HiB©«Wj:BWI] 

[01] ^Hjoom 1 ©JBW©»ia«rtt Wi" S /c* 

©>i> * ~^<Dm&*m?m&mww. 

[0 2] *^©m 2 ©^©SXS^gJiHJ-r Ztctb 

©•? *-^©«jft*s%raisaRiBia. 

[03] *»W©^rffilcJ:»)»6nfcl/— WR^f©* 
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2 • • . mm 

3 • • • pS^7 v KJ1 

4 • • • pS=i>$r* hJf * 
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* 1 0 • • • WBL 
11... /^7ri 
2 0—- nSS 
2 1 • • • pSI 
2 2 • • • s*v FWffi 




